A recent study identified a molecular mechanism responsible for the relaxation of epithelia upon stretch. This relaxation is due to the activity of cytohesins, which locally inhibit actomyosin contractility at cellular junctions.
Epithelial tissues in our body are constantly undergoing stresses, such as compression or stretch, and need to adapt to their changing mechanical environment. To avoid rupture, which would be harmful for the living organism, these tissues have to display an incredible plasticity. What is the origin of this tissue plasticity and how do tissues respond to such external stresses? The tissue response will depend on its mechanical properties and its ability to modulate them. These properties emerge from the intrinsic mechanical state of the cells, i.e. the ability to be deformed and undergo topological rearrangements. Epithelia use different strategies to adapt to their new mechanical environment: they can, for example, adjust their cell number by modulating rates of either proliferation or apoptosis [1] [2] [3] [4] . Alternatively, tissues can reorganize themselves by changing the shape of their cells or rearranging cell position within the tissues (e.g. intercalation). Many of these changes require the ability to dynamically remodel the cell-cell junctions within the tissues. In recent years, many studies have focused on describing the mechanisms that regulate the shortening of junctions during different processes of tissue morphogenesis [5] [6] [7] . In contrast, our understanding of junctional elongation is less well understood. It was previously implied that junctional elongation is a passive relaxation process resulting from the mechanics of the tissue without requiring any specific regulation [8, 9] . This view has been challenged by the identification of active mechanisms involving the protein PTEN (phosphatase and tensin homolog) in junctional elongation and stabilization [10] . However, it is still unclear whether similar active mechanisms allow for tuning of the epithelial response upon stretch.
A new study by West et al. [11] , recently published in Current Biology, has now identified a molecular mechanism that allows for junctional elongation and subsequent tissue relaxation upon epithelial stretch. The authors observed that mutants of the sole Drosophila cytohesin protein Steppke (Step) show defects in epithelial elongation during development. Previously, Step, an Arfspecific guanine nucleotide exchange factor (Arf-GEF) in Drosophila, was shown to have a role in maintaining the syncytial state of the blastoderm by restraining cytoskeletal activity [12] . The current study, describing epithelial stretching in the Drosophila epidermis and the zebrafish germ layer, highlights a more generic role of Step in tissue plasticity. During Drosophila dorsal closure, a late embryonic process, the epidermis undergoes major stretching to completely seal the embryo [13] . In step mutants, the authors observed impaired tissue elongation and abnormal cellular organization. Cells appeared to fail to undergo proper elongation and formed several multicellular rosettes ( Figure 1A) . Rosettes have been previously described as transient epithelial structures following junctional constriction [14] . The stable rosettes observed in step mutants suggested that junctional elongation and subsequent topological rearrangements failed to occur. The question arises: how is Step able to relax the tissue? First, the authors were able to show, using specific point mutations, that the GEF activity of Step is required for resorbing multicellular rosettes and allowing proper elongation [11] . The localization of this GEF-dead version of
Step to the center of the rosette suggested a direct regulation of rosette removal. The authors therefore decided to investigate a potential connection between Step and actomyosin activities. They found that, in the absence of Step, cellular junctions were enriched in myosin, particularly at the junction vertices. These findings support a model in which Step downregulates actomyosin contractility at cellular junctions and therefore promotes their elongation and rearrangement ( Figure 1B) . Consistent with this view, excessive tissue tension was found in step mutants upon laser dissection.
To downregulate actomysin contractility, Step appears to localize to junctions and vertices, so how is this localization controlled upon stretch?
Step is found preferentially at regions where myosin is enriched, particularly at junctions and vertices; however, it is unclear whether myosin enrichment is sufficient for Step recruitment. To investigate that issue, the authors studied
Step localization during epithelial wounding as well as cytokinesis [11] . During wound healing, accumulation of
Step and myosin occurred concurrently, while during cytokinesis Step accumulation appeared to show a clear delay. This discrepancy in timing between actomyosin and Step enrichment suggested that additional mechanisms might contribute to Step recruitment. The model emerging from these observations is that actomyosin, enriched at high stress regions, recruits Step, which then subsequently downregulates actomyosin activity via a negative feedback loop.
Is
Step activity and its role in tissue relaxation conserved in the animal kingdom or is it only specific to Current Biology 27, R796-R815, August 21, 2017 ª 2017 Elsevier Ltd. R813 Current Biology Dispatches Drosophila? Cytohesins are a wellconserved protein family that can be found in organisms from yeast to humans [15] . For instance, zebrafish has six cytohesins, four of which are expressed at early developmental stages, when major tissue spreading occurs during gastrulation [16] . Using morpholinos, the authors went on to show that cytohesins are also required for epithelial spreading during zebrafish epiboly. Similar to Drosophila, downregulation of cytohesins during early zebrafish development led to actomyosin accumulations at junctions within the outermost epithelium -the enveloping layer [11] . These experiments point towards a conserved mechanism of epithelial relaxation through cytohesin activity.
This study brings a different view on epithelial mechanics and provides hints about the molecular regulation of tissue relaxation. Upon stress, Step localizes to myosin-enriched regions and releases contractility. However, additional factors may be involved in its recruitment, such as the stress stimulus per se. One possibility could be that Step 'senses' regions of high stress. Indeed, during wound healing, high mechanical stresses are expected to occur at cell-cell junctions soon after the wound has been generated, while during cytokinesis stresses progressively increase upon constriction of the actomyosin ring. This difference in temporal stress patterns could account for the discrepancy in
Step localization between these two processes. Mechanical manipulation of epithelia in controlled in vitro environments will be necessary to address this issue and more generally the regulation of Step recruitment [17] .
Once recruited,
Step enables active regulation of junctional elongation, which leads to fluidization of tissues. Epithelia are known to display a viscoelastic behavior [18, 19] and here this study reveals an active mechanism to regulate the viscous component of the tissue. This fluidization occurs through junction elongation by actomyosin downregulation, a process that probably involves additional machineries. In particular, the endocytic-exocytic pathway has been shown by previous studies to impact cell and tissue elongation [20] . Future investigations will therefore have to address a potential interplay between
Step and different molecular regulators of tissue fluidization.
Finally, how do tissues decide which response to trigger following a stress stimulus? In different developmental contexts, epithelia have been found to react differently to mechanical stresses, modifying either cell number or cell arrangements. The choice of response could depend on the cell type, due to differences in the expression levels of specific proteins. An alternative view is that this choice might also depend on the amplitude and profile of the stress itself, which could lead to the preferential selection of a specific pathway to release the particular stress. It's clear that we are only starting to understand how biological tissues react to compressions and stretches and additional studies will be necessary to identify all the involved mechanisms. Step protein is recruited to actomyosin enrichments at junctions and vertices (left) and downregulates actomyosin activity (middle), which allows for junctional elongation (right).
